Starch granules were prepared from kernels of eight single endosperm mutants, brittle-1 (bt1), brittle-2 (bt2), floury-l, floury-2, soft starch, opaque-1 (o1), shrunken-2 (sh2), and sugary-2 (su2), and their double-mutant combinations with opaque-2 (o2) of four inbred lines of maize (Zea mays L.), B37, C103, Oh43 and W64A. We compared the susceptibility of various starch granules to Rhizopus glucoamylase and pancreatin. Starch granules of the su2 and su2o2 mutants were digested by amylases much faster than those of the normal counterparts . Starch granules of the bt1, bt2, o1 and sh2 mutants tended to be digested by amylases faster than those of normal maize. Starch granules of double mutant combinations with the o2 gene were, in general , digested to an extent very comparable to their respective non-opaque single mutant counterparts in each of their four inbred backgrounds. We followed the relative digestion of starch granules by using scanning electron microscopy. Starch granules of endosperm mutants susceptible to amylases showed numerous pin holes on the surface layer and the pores penetrated into the inner layers of the granules during the attack by amylases. In some of the granules the inner portion, which appeared terraced or step-shaped, could be seen. This may be indicative of layered internal structures of the granules.
Summary
Starch granules were prepared from kernels of eight single endosperm mutants, brittle-1 (bt1), brittle-2 (bt2), floury-l, floury-2, soft starch, opaque-1 (o1), shrunken-2 (sh2), and sugary-2 (su2), and their double-mutant combinations with opaque-2 (o2) of four inbred lines of maize (Zea mays L.), B37, C103, Oh43 and W64A. We compared the susceptibility of various starch granules to Rhizopus glucoamylase and pancreatin. Starch granules of the su2 and su2o2 mutants were digested by amylases much faster than those of the normal counterparts . Starch granules of the bt1, bt2, o1 and sh2 mutants tended to be digested by amylases faster than those of normal maize. Starch granules of double mutant combinations with the o2 gene were, in general , digested to an extent very comparable to their respective non-opaque single mutant counterparts in each of their four inbred backgrounds. We followed the relative digestion of starch granules by using scanning electron microscopy. Starch granules of endosperm mutants susceptible to amylases showed numerous pin holes on the surface layer and the pores penetrated into the inner layers of the granules during the attack by amylases. In some of the granules the inner portion, which appeared terraced or step-shaped, could be seen. This may be indicative of layered internal structures of the granules. 
MATERIALS AND METHODS
Maize mutants. Mature kernels of near isogenic conversions of eight single endosperm mutants of maize (Zea ways L.), brittle-1 (bt1), brittle-2 (bt2), floury-1 (fl1), floury-2 (fl2), soft starch (h), opaque-1(o1), shrunken-2 (sh2), sugary-2 (su2), and four double-mutant combination with opaque-2 (o2); fl1o2, f12o2, h o2 and su2o2 of four inbred lines, B37, C103, W64A and Oh43, sh2o2 of B37, W64A and Oh43, and bt1o2, bt2o2 and o1o2 of Oh43 were used. These inbred lines represent different broad genetic relationship groups. The materials were grown at the Purdue Agronomy farm. Kernels of the commercial dent maize were kindly supplied by Mr. T. Miwa, Central Research Laboratories, Nihon Shokuhin Kako Co., Ltd., Mishima, Japan.
Starch granules. Starch granules of maize were prepared by the method reported previously (1) .
Sources of enzymes. Sources of Rhizopus glucoamylase, pancreatin, glucose oxidase and peroxidase were described earlier (1).
Analytical methods. Susceptibility of starch granules to glucoamylase and pancreatin were studied by the methods reported previously (1) . In the case of glucoamylase, the data were expressed as a percentage of glucose equivalent. Data on pancreatin digestion were expressed on the basis of a relative percentage of commercial normal control enzyme degradation determined as a percentage of glucose equivalent.
Preparation of starch granules attacked by amylases, specimen mounting and scanning electron microscopy (SEM). Starch granules were attacked by amylases under the conditions described previously (1) . Procedures for specimen mounting and scanning electron microscopic observations were the same as those reported previously (3).
RESULTS AND DISCUSSION
Starch granules susceptibility to glucoamylase of the h, ho2, fl1, fl1o2, fl2, fl2o2, su2, and su2o2 endosperm mutants and the normal maize
We found insignificant differences in susceptibility to either Rhizopus glucoamylase or pancreatin of starch granules prepared from the B37, C103, W64A, and Oh43 normal and those prepared from commercial normal dent maize. Therefore, we used starch granules of commercial normal maize as a control in this study. As shown in Fig. 1 , starch granules of the sue and su2o2 mutants were digested 2 to 3 times faster than those of the normal control. The h, fl1, and fl2 mutants, in general, were digested to about the same degree as the normal control, or somewhat faster. Starch granules of the double-mutant combinations with o2 were digested to an extent very comparable to their respective non-opaque single mutant counterparts.
Starch granules susceptibility to pancreatin of the h, ho2, fl1, fl1o2, fl2, fl2o2, su2, and su2o2 endosperm mutants and the normal maize The sue and su2o2 starches were also digested by pancreatin about two times faster than those of the normal, depending upon the background genotype (Fig. 2) . These data on the sue mutant support the findings of SANDSTEDT et al. (4) and observations on enzyme attack on sue in the Oh43 background (1). As was true in the case of enzyme attack by fungal glucoamylase, the h, fl1, and fl2 mutants and their double-mutant combinations with o2 were degraded by pancreatin to a similar extent as the normal maize or even to a greater degree. Starch granules susceptibility to glucoamylase and pancreatin of the o1, o1o2, bt1, bt1o2, bt2, bt2o2, sh2 and sh2o2 endosperm mutants and the normal maize The o1 starch granules were degraded by both fungal glucoamylase and pancreatin somewhat faster than those of the normal control (Figs. 3 and 4) and very similar to the other floury-opaque type mutants, h, fl1, and fl2 ( Figs. 1 and 2) . The starch granules from those mutants which were reduced substantially in starch content, namely, the bt1, bt2, and she endosperm mutants, tended to be digested by fungal glucoamylase some 20 to over 100% faster than normal (Fig. 3) . Pancreatin digestion in these same endosperm mutants was some 10 to 50% greater than on the normal maize control (Fig. 4) . Though there is one notable extreme difference in the case of pancreatin digestion of the W64A sh2o2 starch granules (Fig. 4) , the results indicated that, in general, the double-mutant combinations with o2 were digested by glucoamylase and pancreatin to the extent very similar to their respective non opaque single mutant counterparts (Figs. 3 and 4) . These results confirm our previous findings of the effect of o2 on other endosperm mutants in the Oh43 background (1, 3). There was a tendency for a more differential response among the different inbred backgrounds to enzyme degradation by amylases of the starch granules of SEM observations of starch granules attacked by amylases With the use of SEM, we followed the degradation of starch granules of this series of single mutants and their double-mutant combinations with o2 following amylase attack. However, because of the limited space, we showed photoelectron micrographs of starch granules of the h and h o2 mutants only (Figs. 5 and 6 ). Since the original or native starch granules of the h and h o2 mutants are round shaped, have smooth surfaces and show wide variations in size, they are more or less representative of most of the mutants reported in this paper, all of which are readily attacked by either Rhizopus glucoamylase or pancreatin. The starch granules of the bt1, bt2, sh2, and su2 mutants and their o2 combinations are however smaller and it is difficult to follow the degradation following amylase attack particularly in the case of sue. Although each mutant type has its own peculiar degradation characteristics, in general, they may be characterized by the SEM observations shown by the h and h o2 endosperm mutants. Numerous pin holes could be seen on the surfaces of starch granules attacked by glucoamylase and pancreatin (Figs. 5a-d and 6a-d ). This agrees with observations of EVERS et al. (5) by using wheat starch and glucoamylase of Aspergillus niger, SHETTY et al. (6) , SMITH and LINEBACK (7) using wheat and maize starches and glucoamylases of Aspergillus niger and Rhizopus niveus , and FUWA et al. (2, 3, 8) . We also observed that the pores penetrated into the inner layers of granules during the enzyme action and some of the granules exhibited a terraced or step-shaped appearance in their inner portions (Figs. 5c and 6a-d) . This was quite typical of previous observations we have made on other endosperm mutants of maize (2, 3, 8) , and agrees with observations of others (7 , 11, 14) on normal maize and other starch species. We used partially purified glucoamylase of Rhizopus amagasakiens which contained some a-amylase activity detected by the method of MARSHALL and WHELAN (9) . This perhaps accounted for some of the small differences which we observed in patterns of the enzyme attack on granules as compared to those patterns of enzyme attack of crystalline glucoamylase of Rhizopus niveus reported by SHETTY et al. (6) . Further investigations on degradation of starch granules by several glucoamylases from different origin are in progress (8, 10) . These internal terraced or step-shaped characteristics are most likely indicative of layered internal structures of the granules as shown by others using native (17) , and enzymatically (2, 8, (11) (12) (13) (14) (15) (16) 18) , chemically (19) , and physically (17) modified starch granules as observed by SEM.
